Normal vision represents a complex sensorimotor act in which eye movements provide two essential components. One is the ability to shift gaze rapidly to bring the image of an object of interest on to regions of the retina containing the highest density of photoreceptors, the fovea, and the other is to stabilise the new image on this area despite movement of the object (smooth pursuit) or of the head and body (vestibulo-ocular and optokinetic reflexes). It is the rapid gaze shifts, saccades, which enable mammalian predators to identify possible prey in the visual scene, in response to the sudden appearance of its image on the peripheral retina. These saccades are termed reflexive because they are made in response to the appearance of a novel visual target in the peripheral visual field (visually guided reflexive saccade), or to an auditory stimulus (auditory reflexive saccade). Intentional (voluntary) saccades are internally triggered, and are made to foveate a goal in a variety of different circumstances. In a visual search mode a series of saccades (the scanpath) may be made to locate a target of interest in the environment or to identify an object. If this target of interest is expected at a known location a predictive saccade may be generated, or, if it has previously been present but then disappears, a memory guided (remembered) saccade will be made. In addition to these ecologically valid situations are other paradigms such as the antisaccade task which will be discussed later, devised by experimenters to test aspects of the functional integrity of the saccadic neural circuitry. All these saccades are internally generated, along with the spontaneous saccades which occur at rest or during other activities such as speech.
Brainstem control of saccades The final common pathway for horizontal saccades is the abducens nucleus which contains motor neurons innervating the ipsilateral lateral rectus muscle, intermingled with internuclear neurons which, after decussating in the lower pons, project via the medial longitudinal fasciculus to the contralateral medial rectus subnucleus of the oculomotor nucleus.' A total ipsilateral gaze palsy occurs with a lesion of the abducens nucleus, and a complete lesion of the medial longitudinal fasciculus gives rise to total failure of ipsilateral adduction associated with nystagmus in the abducting eye, an internuclear ophthalmoplegia. The saccadic motor command received in the abducens nucleus is prepared in specialised areas of the reticular formation of the brainstem, which receive supranuclear inputs from a number of different areas. The main premotor region for horizontal saccades is the paramedian pontine reticular formation, located on either side of the midline in the nuclei reticularis pontis just ventral to and extending rostrally from the abducens nucleus3 (figure). The equivalent premotor area for vertical saccades is the rostral interstitial nucleus of the medial longitudinal fasciculus located rostral to the oculomotor nucleus at the level of the upper pole of the red nucleus.5 The paramedian pontine reticular formation of the rostral interstitial medial longitudinal fasciculus nucleus contain various groups of cells with different functions and properties. These include the excitatory burst neurons which discharge at a high frequency just before and during saccades,6 providing the eye velocity commands, known as the "pulse". Discrete lesions of the paramedian pontine reticular formation only produce a loss of saccades and quick phases of nystagmus to the side ipsilateral to the lesion,7 whereas a lesion of the abducens nucleus results in a complete ipsilateral gaze palsy, involving all types of eye movement.8 Another type of neuron, the omnipause neuron, located in a midline caudal pontine area, the nucleus raphe interpositus, discharges tonically except just before and during saccades.9 These neurons appear to exert an inhibitory influence on the burst neurons during fixation, and slowed saccades may result from omnipause cell dysfunction in some conditions.'0 Following a laterally directed saccade, viscoelastic forces in the orbit tend to drag the eye back to the primary position. Maintenance of the eccentric position of the eye, therefore, requires tonic change in the innervation level of the abducens motor neurons, called the "step". This is provided by a third set of neurons known as integrator neurons because they produce the equivalent of a mathematical integration of the burst neuron activity. The integrator neurons are located in the perihypoglossal complex (especially the nucleus prepositus hypoglossi) and the medial vestibular nuclei." Dysfunction of the integrator neurons or their inputs, particularly from the flocculus, results in an exponential drift of the eye towards the primary position due to a poorly maintained step innervation. 12 14 An important brainstem centre involved in triggering saccades is the superior colliculus, which appears to be an important relay between cortical areas and the premotor reticular regions. Only two patients with discrete lesions of the superior colliculus have been reported, and they were found to have impairment of both the triggering and the inhibition of contralaterally directed reflexive saccades. '5 16 Saccadic intrusions and oscillations Although the main function of saccades is to achieve foveation of the target there are several conditions in which saccades take the fovea off the target. These may be sporadic and biphasic, termed intrusions, or sustained sequences of saccades, termed oscillations. They must be distinguished from nystagmus in which the oscillation is initiated by a smooth eye movement. These involuntary saccades occur in brainstem, cerebellar, and cerebral disease.
The commonest intrusions are square wave jerks which occur during fixation and conjugately displace the eyes 0-5-10°horizontally, followed after approximately 200 ms by a refixation saccade. They occur in normal subjects at a frequency usually less than 15 per minute and 1-2°in amplitude.'7 Abnormally high frequencies of square wave jerks are found in normal elderly subjects, in cerebellar system disease,"' and certain types of parkinsonism such as progressive supranuclear palsy and multiple system atrophy.'9 A saccadic pulse is a saccade, generated by a burst (pulse) of motor neuron innervation, which is not followed by a step, and is therefore followed by a slow phase drift of the eye back to the fixation position. They may be monocular or binocular and occur most commonly in patients with multiple sclerosis. 20 Anticipatory saccades are large amplitude saccades which take the eye away from the fixated target and are followed after several hundred milliseconds by a refixation saccade. They are characteristically seen in senile dementia of Alzheimer's type2' and Huntington's disease. 22 Saccadic oscillations can be considered repetitive bursts of intrusions and may be distinguished by the presence or absence of an intersaccadic interval, which usually has to be determined by oculographic recordings. An important role for the frontal lobes is that of inhibiting routine or automatic behaviour when it is irrelevant to the current action plan, failure of which leads to distractibility and indecisiveness. A good challenge to this system is the antisaccade paradigm in which the subject is instructed to suppress a reflexive saccade on the appearance of a peripheral target, while at the same time generating a voluntary saccade to a mirror image location in the contralateral visual field. Increased distractibility (an abnormally high frequency of reflexive saccades) was initially found in patients with large frontal lobe lesions,'8 that appears to relate more specifically to focal lesions in the region of the dorsolateral prefrontal cortex.30 These observations, along with PET studies which have shown activation of prefrontal cortex during fixation,'4 suggest that this cortical area may be involved in the inhibition of reflexive saccades. The pathways from these cortical areas to the brainstem have not been clearly identified, but could project to fixation cells in the superior colliculus or omnipause neurons in the nucleus raphe interpositus. Two routes to the superior colliculus are available, one direct39 and the other via the caudate nucleus and the substantia nigra pars reticulata which tonically inhibits the superior colliculus. 40 The dorsolateral prefrontal cortex has also been considered to play a role in short term spatial memory since this area contains cells which discharge during the delay period in the memory guided saccade paradigm,4' and lesions and blockade of DI dopamine receptors in the area result in hypometric memory guided saccades.4'
The posterior parietal cortex has direct connections with the frontal eye field and the superior colliculus, the latter providing a probable route for saccade generation following lesions of the frontal eye field. Unilateral lesions of the posterior parietal cortex result in increased latencies of visually directed reflexive saccades43 and decreased accuracy of memory guided saccades." The latter may be due to impaired visuospatial integration in the human homologue of area 7a in the monkey.44 Following right parietal lesions the effects are more marked and affect saccades bilaterally, supporting the concept of the dominance of the right parietal lobe for visuospatial functions in humans. It should be noted that there is no correlation between visual neglect and these saccadic disturbances following a lesion in the posterior parietal cortex, presumably due to a separation of the areas involved in the control of saccades and visual attention.
Disorders of the basal ganglia A wide variety of saccadic abnormalities have been associated with diseases of the basal ganglia. In Huntington's disease, where there is degeneration in the caudate nucleus and substantia nigra pars reticulata as well as the frontal lobes, a number of saccadic abnormalities have been identified including difficulty in suppressing reflexive saccades in the antisaccade task,45 and prolonged latencies of memory guided and predictive saccades.46 In addition, during fixation there are increased numbers of square wave jerks, and a slowing of saccadic velocity which usually affects vertical saccades prior to involvement of horizontal saccades.47
Because of the difficulties often encountered in the differential diagnosis of parkinsonian syndromes a number of saccadic studies have recently been reported aimed at identifing specific patterns of saccadic abnormalities in the different conditions.4>5' In idiopathic Parkinson's disease reflexive saccades are normal49 except in the very late stages of the disease.50 Patients, however, exhibit a reduction in the amplitude of memory guided49 and predictive saccades.5' In progressive supranuclear palsy there is often an early reduction in the velocity of downward and later upward saccades leading to a complete supranuclear palsy in which the vestibulo-ocular reflex is usually preserved.5' These saccadic abnormalities are probably a reflection of the focus of degenerative change in this condition involving midbrain structures such as the superior colliculus, rostral interstitial nucleus of the medial longitudinal fasciculus, as well as the substantia nigra pars compacta. In addition there is also increased distractibility in the antisaccade task,54 which may be due to a functional deafferentiation of the prefrontal cortex from the subcortical areas. Vertical saccades are preserved in other parkinsonian syndromes such as strionigral degeneration and corticobasal degeneration. Saccades in striatonigral degeneration could not be differentiated from those in idiopathic Parkinson's disease, whereas in corticobasal degeneration, visually guided reflexive saccades showed markedly prolongated latencies,5' possibly reflecting degeneration in the parietal lobes.
Saccadic abnormalities in functional psychoses
The literature on eye movements in the psychoses has centred on the analysis of smooth pursuit eye movements in schizophrenia,55 with the specific intent of identifying an abnormality which could serve as a biological marker for the disorder. Although it was 1908 when Diefendorf and Dodge first reported an analysis of saccades in schizophrenia,56 it is only recently that there has been renewed interest. A major methodological problem, however, has been the almost universal use of patients treated with neuroleptic medication, which raises doubts about the validity of conclusions relating abnormalities of saccadic latency and amplitude to the underlying disease process. One of the most obvious side effects of neuroleptic medication is an extrapyramidal syndrome due to blockade of the nigrostriatal dopamine pathway, and from the discussion of saccadic abnormalities in Parkinson's disease it might be expected that some if not all the saccadic abnormalities found in neuroleptically treated schizophrenic patients could be due to this effect. In a recent study this potential drug effect has been clarified by a comparison of groups of patients free from neuroleptic medication with other groups of patients taking medication. 57 In the memory guided and predictive saccadic tasks a reduced saccadic amplitude, as previously reported in Parkinson's disease, was only found in the neuroleptic treated groups. In obsessive compulsive disorder, there is an abnormal tendency towards hypometria, which is most marked for predictive saccades,58 consistent with the idea that those frontobasal ganglia pathways that are hypoactive in negative schizophrenia are hyperactive in obsessive compulsive disorder. 59 One saccadic abnormality found in schizophrenia which was unrelated to neuroleptic medication does, however, appear to relate to the underlying disease pathology. This is an increased distractibility in the antisaccade task,60 as found in neurological patients with lesions in the prefrontal cortex. Several recent studies have shown this abnormality which was most marked in patients exhibiting tardive dyskinesia, 6 
